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Introduction. Delayed graft function (DGF) is a consequence of
ischemia-reperfusion injuries in kidney allografts, for which no
definite treatment is available. The neutrophil gelatinase-associated
lipocalin (NGAL) and interleukin-18 (IL-18) are introduced as the
most promising urine biomarkers to detect DGF. N-acetylcysteine
(NAC) and vitamin C, well-known potent antioxidants that scavenge
free radicals, may alleviate kidney injury. This study investigated
the protective effects of NAC alone and in combination with vitamin
C on DGF, by measuring IL-18 and NGAL in living donor kidney
transplantations.

Materials and Methods. Patients transplanted between January
2011and February 2013 were randomly divided into 3 groups to
receive routine anti-rejection medication only (n = 32), NAC plus
routine immunosuppressive regimen (NAC group; n = 33), and
NAC and vitamin C plus routine regimen (NAC and vitamin C
group; n = 19). Urine samples were taken 4 hours and 24 hours
after transplantation. Enzyme-linked immunosorbent assay kits
were utilized for measuring urine NGAL and IL-18.

Results. There were no significant differences in the DGF prevalence
and its duration between the study arms. Although the levels of
NGAL and IL-18 decreased in the NAC and NAC and vitamin C
groups, these reductions were not significant. Glomerular filtration
rate at 30 and 60 days after transplantation were not significantly
different between study groups, either.

Conclusions. Our results showed that NAC is a safe drug without
significant adverse effects in kidney transplant recipients; however,
its potential useful effects on urinary biomarkers of DGF were not
illustrated in the present study.

IJKD 2015;9:56-62
www.ijkd.org

Kidney transplantation is the best treatment for
most patients with end-stage renal disease; however,
limited numbers of suitable kidneys are available
for transplantation. Therefore, preservation of a
kidney allograft is vital in transplant recipients.
Delayed graft function (DGF) may predispose the
graft to both acute and chronic rejection, leading
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to prolonged patient hospitalization and increased
morbidity rate.! Delayed graft function means
“the failure of the kidney transplant to function
accurately in postgrafting phase due to ischemia-
reperfusion and immunological injury.?” Older
definition of DGF, ie, requirement for dialysis in
the first week after kidney transplantation, is not
abandoned as it is very subjective depending on
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the dialysis criteria variations across hospitals.?
In recent years, serum creatinine levels, rate of
reduction in serum creatinine level, and urine
output are used to diagnose DGF in different
days following transplantation. According to these
criteria, reported rates of DGF are 20% to 40%, of
which 4% to 10% are contributed to living donor
transplants and 5% to 50% to deceased donor
transplants.!

Delayed graft function is a consequence of
ischemic-reperfusion injuries. Oxygen-free radicals
also have a main role in the pathophysiology of
DGF, causing acute tubular necrosis.> > The most
important management strategy for clinically
diagnosed DGF is daily dialysis as well as
observation for rejection with serial biopsies. To
date, no effective treatment is available for DGF.°
Measurement of urine biomarkers, as the most new
methods used to diagnose DGF, may compensate
the delay time in DGF diagnosis and the resultant
lack of preventive or therapeutic interventions.”
Neutrophil gelatinase-associated lipocalin (NGAL)
and interleukin-18 (IL-18) are introduced as the
most promising urine biomarkers to detect DGF.
These biomarkers are precise predictors of the
need for dialysis within the first week of kidney
transplantation.®’

N-acetylcysteine (NAC), a well-known potent
antioxidant that scavenges free radicals, may actas a
precursor for glutathione synthesis. N-acetylcysteine
inhibits the stimulation of pro-inflamatory cytokines
and damages related to free radicals.!® Animal
studies showed that NAC administration alleviates
kidney injury In kidneys subjected to ischemia-
reperfusion injury, protective effects of NAC have
also experimentally confirmed."1? Administration
of bolus NAC injection at the time of renal artery
declamping resulted in a greater incidence of
early graft function during deceased donor
kidney transplantation, albeit nonsignificantly."
Another study showed that administration of
NAC to deceased transplant recipients during
the first week posttransplantion, endorses a
faster and sustained resurgence of graft function
by attenuating oxidative stress .'*!5 Ascorbic
acid (vitamin C) is an organic compound with
antioxidant properties that acts as a primary defence
against free radicals in the blood.!®!” It has been
used in different models of ischemia-reperfusion
in human with promising results. Studies on

vitamin C in human kidney transplantation are
scarce. In a prospective randomized trial, vitamin
C decreased, but not significantly, the incidence
and the length of DGF.'® The aim of this study
was to investigate the protective effects of NAC
alone and in combination with vitamin C on DGF,
by measuring early biomarkers of DGF (IL-18 and
NGAL) in living donor kidney transplantations.

A randomized controlled trial was designed
on patients undergoing living donor kidney
transplantation at a specialty kidney transplant
research center (Urology and Nephrology
Research Center, Shahid Beheshti University of
Medical Sciences, Tehran, Iran). All of the patients
referred to this center between January 2011and
February 2013 were evaluated for inclusion in
the study. The immunosuppressive regimen was
similar in all patients, consisting of preoperative
cyclosporine A, 6 mg/kg/d in 2 divided dosages,
and mycophenolate mofetil, 2 g/d in 2 divided
dosages, continued postoperatively along with
500 mg of prednisolone after transplant surgery,
as well as 250 mg and 100 mg on the second and
third days after transplantation, respectively.
Patients who developed DGF (with or without the
need for dialysis) received a polyclonal antibody
(thymoglobulin), and mycophenolate mofetil
was discontinued until normalization of serum
creatinine.

The study was approved by the ethics committee
of Shahid Beheshti University of Medical Sciences
and was registered on the Iranian Registry of
Clinical Trials (www.irct.ir). A written informed
consent was obtained from all study participants.

All of the patients older than 18 years old
receiving a kidney transplant from living donors
were enrolled in the study. The cold and warm
ischemia times were kept shorter than 1 hour in
order to minimize the impact of ischemia time
on the results observed in our study. Exclusion
criteria were any condition that could interfere
with quantifying urine biomarkers (NGAL and IL-
18), including active infectious diseases, neoplastic
diseases, brain tumor, active inflammatory diseases,
Cushing syndrome, sepsis, sickle cell anemia,
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meningitis, pregnancy, cardiorenal syndrome,
multiple sclerosis, recent acute pancreatitis, long-
term use of cimetidine, recent coronary artery
bypass grafting, hepatitis C and cirrhosis, Alzheimer
disease, recent stroke, hyperoxaluria, and mood
disorder or schizophrenia (left untreated).'**

Randomization was done by using the RAND
function of Microsoft Excel Office Software. Patients
were randomly divided into 3 groups of the control
group who received only routine antirejection
medication based on hospital protocols; NAC
plus routine immunosuppressive regimen (NAC
group); and NAC and vitamin C plus routine
regimen (NAC and vitamin C group). Transplant
recipients in the NAC group received 3 doses
of NAC (Fluimucil), 600 mg, and effervescent (6
hours before grafting and 12 and 18 hours after
transplantation). Patients in the NAC and vitamin C
group received a combination of tablets containing
600 mg of NAC and 75 mg of ascorbic acid (ACC®)
in the same schedule.

For all of the participants, 100-mL urine
samples were taken 4 hours and 24 hours after
transplantation. Urine samples were centrifuged
at 5000 rpm for 5 minutes to remove particulate
matter and cell debris, and stored at -70°C. The
enzyme-linked immunosorbent assay kits were
utilized for measuring urine NGAL (Antibody
Shop, Gentofte, Denmark) and IL-18 (Medical and
Biological Laboratories, Nagoya, Japan). Urine
biomarkers NGAL and IL-18 were expressed as
their total concentrations in urine as ng/mL for
NGAL and pg/mL for IL-18. In addition, their
levels in the urine were expressed as ng/mg of
creatinine for NGAL and pg/mg of creatinine for
IL-18 in order to standardize for changes in urine
concentration. Daily measurements of urine output
and serum creatinine were started on the day of
transplantation and continued until discharge from
hospital. Routine monitoring of graft function
and serum creatinine were done for all of the
recipients during the 60 days after transplantation.
Demographic and clinical data were collected,
as well as laboratory test results and applicable
information from the donors.

The primary endpoint of the study was the
occurrence of clinical DGF in the first week after
kidney transplantation. One of the following
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criteria was used for clinical definition of DGF:
(1) the need for dialysis within the first week after
transplantation; and (2) elevated serum creatinine
level from baseline that is remained unchanged or
decreased by less than 10% per day immediately
after surgery. The secondary endpoints were the
serum creatinine levels and occurrence of acute
kidney allograft rejection on days 30 and 60 after
transplantation.

Statistical analysis was performed using the SPSS
software (Statistical Package for the Social Sciences,
version 19.0, SPSS Inc, Chicago, 111, USA). The
results were expressed as mean values + standard
deviations for continuous variables. Comparisons
were performed using the chi-square test or Fisher
exact test for categorical data. The 1-way analysis of
variance test was applied for normally distributed
continuous data. Also, for nonparametric data
without a Gaussian distribution, the Kruskal-Wallis
test was used.

Of 89 patients who entered the study, 5 patients
including, 1 in the standard group, 1 in the NAC
group, and 3 in the NAC and vitamin C group
dropped out due to missed urine samples. Overall,
renal biomarkers were measured for 84 patients;
32 in the standard arm, 33 in the NAC arm and
19 in the NAC and vitamin C arm. Demographic
characteristics of the donors and recipients as well
as their pretransplant clinical records are presented
in Tables 1 to 3. No significant differences were
observed between the study groups regarding
these characteristics.

Delayed graft function was clinically observed in
14 of the studied patients (16.7%), 4 of whom needed
dialysis in the first week after transplantation.
There were not any significant differences in the
DGF incidence and its duration between study
arms (Table 4).

The NGAL level in the patients who had DGF
were significantly higher than the patient without
DGEF, but IL18 level differences were not significant;
therefore, NGAL were the appropriate biomarker
to follow up for DGF. The concentrations of
biomarkers at 4 and 24 hours after transplantation
are reported in Table 5. Although the levels of
biomarkers decreased in the NAC and NAC and
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Table 1. Demographic Characteristics of Kidney Transplant Patients and Their Living Donors*

Study Groups
Characteristic Control NAC NAC and Vitamin C P
Recipients
Sex
Male 20 16 12
Female 12 17 7 44
Age 36.17 £ 17.06 37.23 £16.53 36.90 £ 16.71 .97
BMI 22.96 +4.53 24.55 + 4.50 23.96 £ 5.90 41
Donors
Sex
Male 27 29 15
Female 5 4 4 .65
Age 28.26 + 4.06 27.32 + 4.86 28.13 +5.33 .68
BMI 24.57 +3.94 25.46 + 4.95 24.94 +4.81 72
*NAC indicates N-acetylcysteine and BMI, body mass index.
Table 2. Clinical Characteristics of Donors and Recipients
Study Groups
Characteristic Control NAC NAC and Vitamin C P
Blood Transfusion (%) 27 (84.4) 20 (60.6) 14 (73.7) A1
Dialysis duration, mo 14.38 + 18.38 13.17 +11.90 10.54 + 16.52 .30
Retransplantation (%) 2(6.3) 2(6.1) 2(10.5) > .99
Familial relation (%) 3(9.4) 3(9.1) 2 (10.5) .82
ABO complete match (%) 29 (90.6) 29 (87.9) 17 (89.5) .68
Sex match (%) 19 (59.4) 18 (54.5) 11 (57.9) 91
Recipient-donor weight ratio 0.717 £ 0.320 0.894 + 0.204 0.812 +0.235 43
Underlying disease
Hypertension 15 (46.9) 13 (39.4) 9 (47.4)
Diabetes mellitus 6 (18.8) 7(21.2) 3(15.8)
Glomerulonephritis 3(9.4) 5(15.2) 2 (10.5)
Others 8 (25.0) 8 (24.2) 5 (26.3) .82
Dialysis modality
Hemodialysis 25 (78.1) 26 (78.8) 15 (78.9)
Peritoneal dialysis 1(3.1) 3(9.1) 1(5.3)
No dialysis 6(18.8) 4(12.1) 3(15.8) 71
Table 3. Clinical Diagnosis of Delayed graft Function (DGF) and Its Duration
Study Groups
Characteristic Control NAC NAC and Vitamin C P
DGF 7 (21.9) 4(12.1) 3(15.8) .51
Posttransplant dialysis 2(6.3) 1(3.0) 1(5.3) >.99
DGF duration 9.16 £ 5.81 8.33 +8.38 5.75+3.78 .25

vitamin C groups, these reductions were not
significant. Mean changes in urine NGAL and
IL18 from the 1st to 2nd postoperative sampling
times were not significantly different between the
three groups (Table 5).

Patients were followed up for 2 months after
transplantation. Their serum creatinine levels and
episodes of acute rejections were evaluated. During
the first month after transplantation, biopsy-proven

acute rejection was diagnosed in 3 patients in the
control (9.4%), 1 in the NAC (3.0%), and 1 in the
NAC and vitamin C group (5.3%; P = .46). During
the 60 days posttransplant, 2, 4, and 3 patients in
the study arms of control, NAC, and NAC and
vitamin C experienced acute rejection, respectively
(P = .54). None of the patients in the study groups
showed a considerable adverse reaction. Also,
glomerular filtration rate (GFR) at 30 and 60 days
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Table 4. Biomarker Levels in the Three Study Groups*

Study Groups
Characteristic Control NAC NAC and Vitamin C P
Four hours
IL-18, pg/mL 26.65 + 41.40 26.10 + 28.01 16.37 + 8.15 .58
IL-18, pg/mg Ucr 162.68 + 262.85 119.38 + 125.11 94.97 £ 76.77 .33
NGAL, ng/mL 2.70 + 3.41 2.14+1.95 2.24 +2.01 .95
NGAL, ng/mg Ucr 13.24 + 13.54 9.06 +7.35 8.85 + 23.98 .83
Twenty-four hours
IL-18, pg/mL 26.86 + 30.86 23.04 +£20.18 21.04 +18.08 .70
IL-18, pg/mg Ucr 169.14 + 244 .25 109.88 + 69.22 101.39 £ 70.04 .61
NGAL, ng/mL 0.99 +1.21 0.72 +0.63 0.69 + 0.82 49
NGAL, ng/mg Ucr 6.09 + 7.40 4.51+5.21 5.37 +5.82 77
Differences (4 to 24 hours)
IL-18, pg/mL -1.01£37.13 8.39 +54.70 9.19 + 25.31 .70
IL-18, pg/mg Ucr -1.92 +£71.97 4.01 + 168.81 6.19 £ 53.12 .62
NGAL, ng/mL 1.02+1.20 1.49 +2.80 1.51+1.89 .99
NGAL, ng/mg Ucr 5.35+7.16 8.81+12.88 11.41 +13.93 .60
*IL-18 indicates interleukin-18 and NGAL, neutrophil gelatinase-associated lipocalin.
Table 5. Glomerular Filtration Rate (GFR) at 30 and 60 Days After Transplantation
Study Groups
GFR, mL/min/1.73 m2 Control NAC NAC and Vitamin C P
30th day 62.20 £ 4.20 72.21+4.05 68.51 + 3.71 .73
60th day 64.59 + 3.20 70.13+£3.93 73.69+4.28 .81

after transplantation were not significantly different
between the study groups.

To our knowledge, our study was the first study
that evaluated the preventive effect of a potent
antioxidant, NAC alone and in combination with
vitamin C, on early biomarkers of DGF in living
donor transplant recipients. We observed DGF
in 14 patients (16.7%). However, considering
the conventional definition of DGF, ie, need for
dialysis in the first week after transplantation, DGF
rate was 4.8% (4 patients). The incidence of DGF
among patients undergoing living donor kidney
transplantation is lower than that among patients
undergoing deceased donor transplantation. In
previous studies evaluating DGF rate among
recipients of living donor transplantation, the
reported incidence of DGF were 1.6 % to 18.8%.;
in recent years, improvement in transplantation
protocols has decreased the rate of DGF.28%!

Although previous studies utilized urine
biomarkers to predict the DGF in deceased kidney
transplantations and approved their predictive
importance,®” we could not find any value of these
biomarkers in patients receiving kidney transplants
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from living donors. This might be due to the fact
that in our study, the level of biomarkers was less
than those of reported by studies using deceased
transplants.’?? The lower level of biomarkers in
our study could be a result of significantly shorter
cold and warm ischemia times leading to lower
ischemia-reperfusion taking place in the renal tissue.

The results of the current investigation indicated
that NAC could not significantly reduce renal
biomarkers of DGF and its clinical incidence.
Although the amount of biomarkers and the need
for dialysis in the first week after transplantation
(clinical DGF) decreased in the recipients of NAC
and NAC with vitamin C, this reduction was not
significant. As Table 5 represents, although not
statistically significant, there is a larger reduction in
urine levels of biomarkers 24 hours posttransplant,
when patients received 3 doses of NAC (or NAC
plus vitamin C), compared to those of 4 hours
postoperative, when patients received only 1
dose of NAC (or NAC plus vitamin C). Moreover,
the duration of DGF in the NAC and NAC plus
vitamin C groups were shorter than those in the
control group.

A study in 2011 appraised the protective effect
of NAC on DGF rate in deceased donor kidney
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transplantation.' In this study, after 7 days of
treatment with 600 mg of NAC, twice daily, the
study group demonstrated a lower mean serum
creatinine and higher mean glomerular filtration
rate during the first 90 days and at 1 year after
transplantation. Delayed graft function was also
less frequent among the NAC group, and these
recipients required fewer days of dialysis.'* In
another investigation performed on myocardial
infarction patients with contrast-induced renal
injury and myocardial reperfusion injury, it was
shown that high doses of NAC (1200 mg twice daily
for 48 hours) could not provide an additional clinical
benefit to placebo.?® This finding was criticized,
expressing that according to experimental studies,
an approximate dose of 100 mg/kg body weight
of NAC should be used before stress oxidative
events.® Therefore, the NAC dose used in our
study was not large enough to control the oxidative
stress in the kidney transplant and to alleviate the
DGF biomarkers.

Our results could not prove a significant effect
for NAC on kidney function biomarkers and also
patient outcomes in 2 months after transplantation.
It should be contemplated that our patients as
recipients of living donor transplantation had fewer
risk factors for DGF. In addition, administration
of insufficient doses of antioxidants for a short
duration (ie, 3 sporadic doses) could be another
reason for the lack of a significant anti-inflammatory
effects produced by NAC or vitamin C.

Our results showed that NAC is a safe medication
without significant adverse effects in kidney
transplant recipients; however, its potential useful
effects on urinary biomarkers of DGF were not
illustrated in the present study. A randomized
controlled trial with a larger sample size and
higher doses of NAC for a prolonged period of
time is recommended for future studies in the
recipients with ischemic delayed graft function
and not immunologic delayed graft function or
surgical complications.

The authors would like to thank the nursing staff
of the nephrology ward of Shahid Labbafinejad
Medical Center. We would also appreciate the
School of Pharmacy, and Urology and Nephrology

Research Center of Shahid Beheshti University of
Medical Sciences, Tehran, Iran, for their support of
this research project, which was a part of a thesis
for clinical pharmacy specialty.

None declared.

1. Koning OH, Ploeg RJ, van Bockel JH, et al. Risk
factors for delayed graft function in cadaveric kidney
transplantation. a prospective study of renal function
and graft survival after preservation with University of
Wisconsin solution in multi-organ donors. European
Multicenter Study Group. Transplantation. 1997;63:1620-
28.

2. Yarlagadda SG, Coca SG, Garg AX, et al. Marked
variation in the definition and diagnosis of delayed graft
function: a systematic review. Nephrol Dial Transplant.
2008;23:2995-3003.

3. Halloran PF, Hunsicker LG. Delayed graft function. State
of the art. Summitmeeting, Scottsdale, Arizona, USA. Am
J Transplant. 2001; 1: 115-20.

4. Moreno JM, Ruiz MC, Ruiz N, et al. Modulation factors of
oxidative status in stable renal transplantation. Transplant
Proc. 2005;37:1428-30.

5. Nafar M, Sahraei Z, Salamzadeh J, Samavat S, Vaziri
ND. Oxidative stress in kidney transplantation: causes,
consequences, and potential treatment. Iran J Kidney Dis.
2011;5:357-72.

6. Daly PJ, Power RE, Healy DA, Hickey DP, Fitzpatrick JM,
Watson RW. Delayed graft function: a dilemma in renal
transplantation. BJU Int. 2005;96:498-501.

7. Salamzadeh J, Sahraee Z, Nafar M, Parvin M.
Delayed graft function (DGF) after living donor kidney
transplantation: a study of possible explanatory factors.
Ann Transplant. 2012;1:69-76.

8. Mishra J, Ma Q, Kelly C, et al. Kidney NGAL is a novel
early marker of acute injury following transplantation.
Pediatr Nephrol. 2006;21:856-63.

9. Hall IE, Yarlagadda SG, Coca SG, et al. IL-18 and urinary
NGAL predict dialysis and graft recovery after kidney
transplantation. J Am Soc Nephrol. 2010;21:189-97.

10. Erbas H, Aydogdu N, Kaymak K. Effects of
N-acetylcysteine on arginase, ornithine and nitric oxide
in renal ischemia-reperfusion injury. Pharmacol Res.
2004;50:523-27.

11. Shimizu MH, Danilovic A, Andrade L, et al.
N-acetylcysteine protects against renal injury following
bilateral ureteral obstruction. Nephrol Dial Transplant.
2008;23:3067-73.

12. Araujo M, Andrade L, Coimbra TM, Rodrigues AC Jr,
Seguro AC. Magnesium supplementation combined with
N-acetylcysteine protects against postischemic acute
renal failure. J Am Soc Nephrol. 2005;16:3339-49.

13. Sorbello M, Morello G, Parrinello L, et al. Effect of
N-acetyl-cysteine (NAC) added to fenoldopam or
dopamine on end-tidal carbon dioxide and mean arterial

61



N-Acetyl Cysteine and Vitamin C in Kidney Transplant Recipients—Sharaei et al

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

62

pressure at time of renal artery declamping during
cadaveric kidney transplantation. Transplant Proc.
2010;42:1056-60.

Danilovic A, Lucon AM, Srougi M, et al. Protective effect
of N-acetylcysteine on early outcomes of deceased renal
transplantation. Transplant Proc. 2011;43:1443-49.

Rymarz A, Durlik M, Rydzewski A. Intravenous
administration of N-acetylcysteine reduces plasma total
homocysteine levels in renal transplant recipients. Ann
Transplant. 2009;14:5-9.

Niki E. Action of ascorbic acid as a scavenger of active
and stable oxygen radicals. Am J Clin Nutr. 1991;54:1119-
24,

Togashi H, Shinzawa H, Yong H, et al. Ascorbic acid
radical, superoxide, and hydroxyl radical are detected in
reperfusion injury of rat liver using electron spin resonance
spectroscopy. Arch Biochem Biophys. 1994;308:1-7.

Norio K, Wikstréom M, Salmela K, Kyllénen L, Lindgren L.
Ascorbic acid against reperfusion injury in human renal
transplantation. Transpl Int. 2003;16 480-85.

Eonsson PJ, Stahl ML, Ohlesson K. Extracorporeal
circulation causes release of neutrophilgelatinase-
associated lipocalin (NGAL). Mediators of Inflammation.
1999;8:169-71.

Takahashi HK, Watanabe T, Yokoyama A. Cimetidine
induces interleukin-18 production through H2-agonist
activity in monocytes. Mol Pharmacol. 2006;70:450-53.

Alboni1S, Cervia D, Sugama S. Interleukin 18 in the CNS.
J Neuroinflam. 2010;7:9-21.

Sharma A, Chakraborti A, Das A, Dhiman RK, Chawla
Y. Elevation of interleukin-18 in chronic hepatitis

C: implications for hepatitis C virus pathogenesis.
Immunology. 2009;128:514-22.

Kristo C, Godang K, Ueland T, et al. Raised serum levels
of interleukin-8 and interleukin-18 in relation to bone
metabolism in endogenous Cushing’s syndrome. Eur J
Endocrinol. 2002;146:389-95.

Favilli F, Anzilotti C, Martinelli L, et al. IL-18 activity
in systemic lupus erythematosus. Ann N Y Acad Sci.
2009;1173:301-9.

Ueda T, Takeyama Y, Yasuda T, et al. Significant elevation
of serum interleukin-18 levels in patients with acute
pancreatitis. J Gastroenterol. 2006;4:158-65.

Grombmyer SR, Lin E, Lowry SF, et al. Elevation of IL-18
in human sepsis. J Clin Immunol. 2000;20:212-15.

27.

28.

29.

30.

31.

32.

33.

Elkholy MT, Ewees IR. Neutrophil gelantinase associated
lipocalin (NGAL) as a biomarker of painful vaso-occlusive
crisis in sickle cell disease (SCD). Med J Cairo Univ.
2009;77:467-71.

Kwon OJ, Ha MK, Kwak JY, Lee HW. The impact of
delayed graft functions on graft survival in living donor
kidney transplantation. Transplant Proc. 2003;35:92-5.

Senel FM, Karakayali H, Moray G, Haberal M. Delayed
graft function: predictive factors and impact on outcome
in living-related kidney transplantations. Ren Fail.
1998;20:589-95.

Sharma AK, Tolani SL, Rathi GL, Sharma P, Gupta H,
Gupta R. Evaluation of factors causing delayed graft
function in live related donor renal transplantation. Saudi J
Kidney Dis Transpl. 2010;21:242-45.

Park HS, Hong YA, Kim HG, et al. Delayed graft function
in living-donor renal transplantation: 10-year experience.
Transplant Proc. 2012;44:43-6.

Parikh CR, Jani A, Mishra J, et al. Urine NGAL and IL-
18 are predictive biomarkers for delayed graft function
following kidney transplantation. Am J Transplant.
2006;6:1639-45.

Thiele H, Hildebrand L, Schirdewahn C, et al. Impact of
high-dose N-acetylcysteine versus placebo on contrast-
induced nephropathy and myocardial reperfusion injury in
unselected patients with ST-segment elevation myocardial
infarction undergoing primary percutaneous coronary
intervention. The LIPSIA-N-ACC (Prospective, Single-
Blind, Placebo-Controlled, Randomized Leipzig Immediate
PercutaneouS Coronary Intervention Acute Myocardial
Infarction N-ACC) Trial. J Am Coll Cardiol. 2010;55:
2201-9.

Correspondence to:

Jamshid Salamzadeh, PharmD, PhD

Clinical Pharmacy Department, School of Pharmacy, Shahid
Beheshti University of Medical Sciences, Tehran, Iran

PO Box: 14155-6153

Tel: +98 21 8866 2334

Fax: +98 21 8866 2335

E-mail: j.salamzadeh@yahoo.com

Received February 2014
Revised July 2014
Accepted July 2014



